Phenotypic heterogeneity of mutational changes at a conserved nucleotide in 16 S ribosomal RNA.
RNA sites that contain unpaired or mismatched nucleotides can be interaction sites for other macromolecules. C1054, a virtually universally conserved nucleotide in the 16 S (small subunit) ribosomal RNA of Escherichia coli, is part of a highly conserved bulge in helix 34, which has been located at the decoding site of the ribosome. This helix has been implicated in several translational events, including peptide chain termination and decoding accuracy. Here, we observed interesting differences in phenotype associated with the three base substitutions at, and the deletion of, nucleotide C1054. The phenotypes examined include suppression of nonsense codons on different media and at different temperatures, lethality conditioned by temperature and level of expression of the mutant rRNA, ribosome profiles upon centrifugation through sucrose density gradients, association of mutant 30 S subunits with 50 S subunits, and effects on the action of tRNA suppressor mutants. Some of our findings contradict previously reported properties of individual mutants. Particularly notable is our finding that the first reported 16 S rRNA suppressor of UGA mutations was not a C1054 deletion but rather the base substitution C1054A. After constructing deltaC1054 by site-directed mutagenesis, we observed, among other differences, that it does not suppress any of the trpA mutations previously reported to be suppressed by the original UGA suppressor. In general, our results are consistent with the suggestion that the termination codon readthrough effects of mutations at nucleotide 1054 are the result of defects in peptide chain termination rather than of decreases in general translational accuracy. The phenotypic heterogeneity associated with different mutations at this one nucleotide position may be related to the mechanisms of involvement of this nucleotide, the two-nucleotide bulge, and/or helix 34 in particular translational events. In particular, previous indications from other laboratories of conformational changes associated with this region are consistent with differential effects of 1054 mutations on RNA-RNA or RNA-protein interactions. Finally, the association of a variety of phenotypes with different changes at the same nucleotide may eventually shed light on speculations about the coevolution of parts of ribosomal RNA with other translational macromolecules.